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IIVESTIGATION OF THE HEAT/ﬁ%gTE%ANCE AND STRUCTURI OF A NUMDER OF INGN-LASE

ALLOYS, RELATIVE TO THEIR COMPOSITIONS
by

5.D.Gartsriken, I.Ya.Dekhtyar, L.H.Xumok

o

The heaberesistant raterials of teday consist of alloys based ¢n o transition

~roup in Mendeleyev's periodic system, The introduction of variocus alleying element.
rven in small guantities, has 2 significant effect upon the heat resistance of »stecl.
Trorafeore, the heat-resistant alloys employed are to a considerable degree exccedingly
complex in chemical compesitions. Usually ¥X phase equilibrium is achieved only after

2 very long reriod of holding in this type of alloy even al high temperatures,

Table 1

a) Alloy nunber; b) Content of elements, wb.®

This circumstance is due to the extreme slowness of diffusion processes., At

operatin; temperatures, thoe properties of these alloys change constantly as a consequence

V7Y

. variation in their phas: composition and:the structural components of the individual

components. Therefore, before testing the @ochanical propertics of modernalloys designed
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4
for service under high temperatures, it is hece%sary to study the phase compositiocn -

i
I

. . i g
kinetics of suech alloys under various conditions., b1 945.2.1.14,5 4
The present paper is devoted to a search for new heat-resistant alloys based on
iron and suited to long-term service at elﬁvated temperatures as gas-turbine parts.

Alloys (ingots of 0.3 ~ 0.5 kg) wers prepared &I in an argon atmosphere in a
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v

j);”“%

high-frequency vaguum furnace, pure metals, whose composition is pres-nted in Table iy

having-heen-used.

homogenizing
alloys melted were subjected to an MEMBEERYYHE annecal at 12007 for 50 nrs,

‘The
and werz guenched in water from that temperature. They were then forged and rolled
¢, mm in the $50 - 1050° temperature interval.

Investigations of the micrestructure of the quenched specimens showed thet alloys

1 constituted a two-phase solid solution of
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austenitic type,  The phase ratio in these alloys varied, and alloys MNos.é& - 19

constituted X single-phase solid alloys of the ferritic type.

C;ﬁ;;g_s}_qn)
A Studvy of HeatfNlesistance and Weldabilityv of Alloys

Investipation of the heat resistance of the alloys

made use of flat specimens with

were vertically
sprcimens/first weighed and suspended/from a BIXEXX michrome wire

crownd surfucesz, The

in a &hrs furnace and, after heating, were cooled along with the furnace, They were

j TR
IR AR

then weighed on microanalytical ssalas with an accuracy of +1.25 x 10-3 gm. The degrse

N
of heat resistance was determined from‘weight gain,

The investipations were run at a temperature of 10CO°. The results obtained for

the index of corrosion resistance are presénted in Fig.l. As we see, the heat resistance

o forrite-anstenite alloys Nes.l - 4 is considerably leas than that of the single-

b
N

pvhasc ferritic alloys Nos.6 - 11, At tho éutset oxidation goes somewhat mero rapidly,
: {

hange&. Both in the single~phase ferritic

)

but thereafter its speed rcmains virtually:unc
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region and in ¥IHE the two—phase austenltic—ferritic, the presence of 7r in the alle

s

HELES
greatly diminishes heat resistance, Moreover, the greater the amount of Zr the low :

oo gy

I : B

hrs

T des
Fig.1 - Changﬂ in Weight Gain Depending upon theﬁTime '

Jkn:4¢h;ca_éiight Alloys were—tetdi—

1 - to,l; 2 - Nou3: 3 - Nouhy 4 - No,7; 5 -~ No.B; ¢ - No,11

w3

the heat resistance, The presence of Nb réduccsg%eat resistance to an insignificant
degrez., Alloys lNos.f, 7, and 11 have the best heat resistance,

Weldability tests were performed on alloys Meos.12 - 19, in the form cf“forged and
rolled slals 2 - 5 mm thick, 25 - 4O mm wide, and 70 to 1C0 - 120 rm long¥*, The
waldability tests provided for fusing beeds to thz surfaces of the plates and making
IMEAAEAXEY. one—~ and two- tee-joint fillet welds (the teecs were made only of plates of
L = 5 mm thickness). The fusing of the beéds and welding of the tees were performed

Pys
by irert pas shielded wcldlng using a nonconsumaole electrode without filler material.

The electrede was tungsten, 2,7 - 2 mm in diameter, and the gas was pure argon,

As a result of the preliminary weldability tests it may be held that alloys

i
H

Nos.12, 13, and 14, containing approximateiy 2% 5i, 3% Mn, and 3% Al weld well and better

than any.of Lhe other test alloys. Further investigations were performed with alloys

3

#The weldabllity tests were performed by DfI.Medovar, senior research assistant at the

Ye.C.Paton Flectric Welding Institute of the Ukrainian Academy of Sciences.
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r%A Hos.1Z, 13, and 14, whose resistance was studied at temperatures of €00, $GU, and
; , and

i ;

1000°, Horeover, an investigation was made of the hcat resistance of alley No 17

at 1700° for 100 nrs and of alley EI435. The results obtained {Fig.2a,b,c) show -hias

the rate of oxidation of alloy No,12, which is 1.01 gm/mthr.is significantly leus

shan Lthe rate of oxidation of alloy EIA35, which is 3.8% gm/m2/hr.

-

At high temperatures, a thin, strong and dense £ilm of oxdide forms on the surface

of the spacimen, I4, JXKE like the metal, undergoes oxidation, and constitutes .
4

solid solution of oxides of aluminum, iron, and chromium, The fant thué’heaﬁ
resistancs is lewer at 9000 than at 1000° may be explained by the fact that at 9007,
-5 studiea consist of a mivture of two phascs, @ and Y, whereas at 10000 they
consist of a1 single-phase y-solid solution.

Tf the data on the heat resistance of these alloys dX be comparad with that of
chther bnewn iron-tase alloys emrloyed as heat-resistant material, #1435 fer example,

ineir heat resiztance proves to be higher: the weight sain of EIL35 at 1000° in 100 hrs

whereas the gain in the alloys under investigation is 0.2 gm/m</hr

Horcover, [errite alloys No

wore studied [or heat resistance

Table 2

T,
ﬁg“; ‘-lf
' . W e

a) Alloy number; b) Content of clements in wt.

The results of the investigations for heat corrosiun resistance performed at

1§90, 1100, and 12009, are presented in Table 3.
re p
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I'ig.2 - Change in lleight Gain Relative to Holding Time
REXAKLG ot 1000 (a), 900 (b), and 800° {c)
of tho Following Alloys:

1 - Ne.12; 2 - No.13; 3~ No.l4
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a; alloy number; h) Temperature, °C; c) Area, cm?; d) Duration of test, hrs

As we sen, oxidaticn goos somewhat mors rapidly at the outset, but then its speed

1t is5 obvicus that these are EISEMYEYHIRY chiefly aluninum anid chromium oxides. If we

1

conpare Shese llovs o onher iron-hase alloys it will be found that their heat

corrosion resistance is higher., Thus, for example, (Bibl.l) shows the weight goin
of chrorium-nickel-molybdenim hoat resistant steel KhléN26Gl and 531M6 to be 0.2 gm/m2/hr

at 2002, whnercas with the alloys under censideration’it is 0.06 gm/mz/hr at 11009, At

.

10002 alloy No.533 perferms better than alloy No.7C4 and better than a heat correosion

<

rasistant alloy of aprroximately the same chromium and aluminum content, described in

Stress-rupture strength was investigated for alloys Nos.633 and 704. The tests

These specimens,
were rmin on a tensile testing machine, THEXNXRHEIM¥NY having first been subjected to

heat treatment, were gripped in the clamps used for that purpose, the bottom door of

the furnace was closed, and the furnace was slowly brought to a desired temperature,

Wlat

- i

Then, after holding for 10 min, the specimens were pléced under load XK and tested to

rupture.

T g

B

The spevimens studied had been quenched from 12009 and aged at 100° for 2, 4,
: 7}’:{ 3 f e 3
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and & hrs, Alloy No.70lk was tested at 700, 760,;and 8000, andfdnd;r a load of

LI,

N y 2 " .
11.6 ke/ma~, As quencning temperature was inereassd, the stress-rupture strength of
P

!

i
[ . . . . i X
tze alloy rese considerably, 'Jith increase in aging time, th% stress~-rupture strength

H

rises, achicving a maximum at 4 hrs of aging.(at 800°), wherea% it drops if aging is

centimed further,

{52

Vhen test temperature is roduced from 8C0 to 7609, the stfess—rupture characteristies

improve to an insignificant degree, but diminish sharply with further reduction in

~orvieo temperature. It smay be stated that 7000 is the optimﬁm service temperature

for this alloy.

then Ho.633 alloy was tested, specimens quenched from 1200° and aged at 800° for

varions periods of time werce employed. A rationalW¥X heat treatment for this alloy

i3 g

usnzching from 1200° with helding for 10 hrs and aging at SOO0 for 9 - 10 hrs.

Yo have detormined the relationship betwecn the stress-rupture characteristics of

J ke ¥

@t .
Me. £33 2iloy Qéfvempnrature i constant ¥K stress of o= 12 kg/mmz, and XX relative
i

Lo AXYEYedie stross applied at a constant temperature of 7600, Above a test temperature
g
of 750 - 7669, the strength of the allcy drops sharply, exponentially. eat resistance

is highly dependent upon the stress applied, If at o= 15 kg/mm2, the stress-rupture
‘

ro
characteristic is 25 hrs, an increase in the load to ¢ = 19 kg’/mm2 diminished it to
A comparison of the results with the experimental ferritic alloy Ne.633 and an

austenitickZ of type 1lh-4, containing 0.22% carbon quenched from 120C° shows that at

a service temperature of 700 and a load of ¢ = 10 kg/mn?, the stress~rupture

characteristic of an austeniti: alloy is approximately 250 hré; while that of the »

. °=12kg/rmf;
forritic alloy at the same temprrature and load of YKEX&M? bE. ~3600 hrs,
. : B
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L-Ray Structural Studies

o A-ray structural analysis was per;ormea in chromium radiation and RKD-17 L. i«
cameras.  The mean (parameters of=tlZ lattice)aftor varicus aging periods at BOCY e

presented in Tables 4 - 6,

" Table b

1} Aging time, hrs; b) Lattice parameter, Xi{; c) Alloy Mo.l; d) alloy “No.Z;

2) Guenched

As is evident from Table 4, the lattice paramcter of the alloys diminishes as

then
aszing time increasas, incresces somewhat in the 6 - 30 hr range, and/again diminishes

(in the casz of slloy No.l), The reduction in the latiice parameter obviously relates

f LA

to Lhe separation of excess phases, andtgncreasejithcrein relates toAdissolution thereofs
Dissolution is confirmed by study of the microstructure. An unaven etchabhility of
various zones of the rrain, i.c., & preocoss whereby the grain bLocomes nonuniform in
composition in the aging process, is observed. The x-ray data also testified to the
fact thay wren aging czcurs at sonstant tamperature, tﬁ: continuous exchange of
clements hetwcen the solid solutien and the sccondary phases occurs.,

tany supplementary lines may be seen in the radiocgraphs of alloys Nos.l and 2.
After a special analysis of the scparatéd phasss was performed, it was found that, in
the case of alloy No,l, these lincs bilzﬁg to the separated carbide phase EigX Cv2506,
whereas for alloy No.2, bét.h of them uximxg belong to the C'v—phsse. (as ils confirmed

wh

by X comparison 4» a radiograph obtained

from the pure phase), while the remainder

R PR e
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telongs to some new phase. The lines characteristic of the new phase also exist on
£

4

. ! pI
the radiographs of alley No.2., They appear only after aging, ‘are not to be seen in Lhe XKj
quenched condition. After analysis it wasifound that these lines may be aseribed to

interference from the {411) plane, and thaﬁ the computed parameter is 4.36 X, which

is in approximate agreement with the chemical compourd FeSi.,

Lines of a body-centered lattice are present in the radiographs of hardened allcys.

[y
Y

28

Fven wibtirirr 27 hrs of tempering, the radiographs also show lines of a face-cintered
Al KI;J,I:‘)/‘ pe
y-lattice, which becomef ever—breighter as further tempering time passes.

as is evident from Tables 5 and 6, thé'lattice parameters XXOX¥XX of all the

alloys pass through minimy at various times. If one follow the course of variation

Table 5

Variations in the Lattice Farameter of the Principal Phase

a) Aging time, nrs; L) Lattice parameter, KX; ¢) Alloy No.h; d) Alley No.5; ¥J

e) Alloy Mo.6; £) Alloy No.7; g) Alloy No.2; h) Quenched

Table 6

Variation in the Lattice Parameter of the Separated RKX¥ Fhase

s -

a) Aging time, hrs; L) Lattiée parameter, gx;rf) Alloy No.4; d) Alloy No.5; e) Alloy Nc.8

=

9
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of the parameters of the major and the §epafated phases, it will be =vident that :i.

course of the variation of the parameters with aging time is contradictory, to wi::

reduction in the paramcters of the ferrite lattice-corresponds to an increase in tnc
param:ter for the austenitic phase, and}vice versa. This fact is apparently capab.i-:
cf being explained by the fact that the.transfer of atoms of large radiuvs from the
forritic to the austenitic phase occurs with the decomposition of the basic solid
solution. 1n view of the fact that the smallest parameter is quite large, alundnum,
nichixm and zirconium, whose atomic radii aré‘i.AB, 1.47, &0 and 1.6 Z respectively,
whereas the atomic radios of the remaining components is 1.25 K}may very well be the
elements herc concerncd, Moreover, the bulk of the change may apparently be aseribed
te the aluminum ctransition.

Tables 7 oand # present the mean valuesof the lattice parameters of the initial
and tne sieracated phasesBE of alloys Nos.9 - 11 after various aging times, whereas
Table 9 pregents the valuns of the parametérs of thz initial phase of alloys No.12, 13.

The radiographs of tempered alloys Nes.9 - 11 indicate tihe preécnce of austenite
and ferrice lines. In the process of aging at B00%, the ferrite lines disappear, a
o-phase separates out, 13 do certain other phasra. The lattice parameter of the -
initial solid AXiY solution of austénite drops sharply to 100 hrs, and subsequentX¥X

thereto it remains constant Tor alloys 9°-= 11, This testifies te the stability of the
phase composition,

The lines of a face-centered lattice are present in the radiographs ol cast
ajloys Nos.17 - 13, as tempering proceeds, the lattice parameter of the basc varies,
this variation differing for various alléys. In the case of alloy No,lZ which cortains

much carben, it gradually diminishes, his testified to the fact that the solid solution

is impoverished in alloying carbid:—formi%g elements, In alloy No,13 ('zarbon-frce")

-
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Table 7

Variation in Lattice Parameter:HZXXKKKXHﬁ KX of Principal Thase

a) 4lloy namber; o) Quenched; c) Aging, hrs

Takle 8

Variation in Lattice Parameter ¥X KX of Separated Phase

a) AJioy number: b) wuenched; ¢) Aging,hes

Table 9

a) Alloy number; b) Cast; c¢) 4ging, hrs

some inerease in lattice paramcter cccurs. One might XXXXH assume that, in this alloy,
reduction in the YX¥KXEE lattice paramcter proceeds in two opposing directions: the first
direction, related to the decomposition of the solid solutien causes a reduction in the
parameter. Tha second direction, relating Fo the appearanze of internal stresses is

due to the suppréssion of the dispersed nuc;ei of an excess phase having a greater

specifiec volume than the principal solid soiution.

i

s ) S 13



el
[
N

&

-

hese sueplementary lines obtained on the radiograms of alloys Nos.12 and 173

>i

belonz to carbides of ehromium and the o-phase., It is significant tnat the C~pha.
appears in varlous alloys under nonidentical tempering conditions, that carbon
accelerates the decomposition process, and that the lines for the & -phase appear in

v instead of 12 hrs)
alloy 12 considerably sooner {2 hrs of aging IMX¥RQXEZXIZY than in the case of thw

carben-fran allaowr,
BIBLIOGRAPHY
1. Prosvirin,V.I., Kreshchanovskiy,N.S., and Zaletayev,R.P, - Froblems of the Mztallography
of Austenitic Steels. Mashgir (1952)

¥ornilov,I.I. ~ Iron Alloys, Vol.l (1954)

2

ot Avaiinie
§“4 gu oefis & 3



